SA410/460. 
96 TPI| 


Single/Double- -Sided | 
_Minifloppy” Diskette | 
Storage Drives 


Shugart 


[ENUBIN] SOJAIOS 


© SHUGART 1982 
ALL RIGHTS RESERVED 


TABLE OF CONTENTS | 


Page 

TABLE OF CONTENTS . 20.0.0 ccc ne enn e ee eee tees i 
LIST OF FIGURES = 2. scsec. ds phe ee alee seed ap ghiblg etal eleuele AP Poa RG Wy abe ds PM ig ea ih ii 
ABBREVIATIONS/MNEMONICS ... 0.00000 ee ee ee iv 

SECTIONI INTRODUCTION .. 1.0.0.0... 0000 0c ete 1-1 

1.1 INTRODUCTION ... 0.0000 te tenes 1-1 

1.2 SPECIFICATION SUMMARY ............2. 2.000 e eet tent t tte 1-1 

1.2.1. Performance Specifications... 0.0... 00-2 1-1 

1.2.2 Functional Specifications .... 6... 62 eee 1-2 

1.2.3. Physical Specifications ... 22.6.6 ee tte eee 1-2 

1.2.4 Reliability Specifications .. 2.6.02 eee 1-2 

1.3 FUNCTIONAL CHARACTERISTICS ...........0 0.00 e eee tes 1-4 

1.3.1 Electronics 2.000 eee eee 1-4 

1.3.2 Drive Mechanism .........0 020.0000 cee ees 1-4 

1.3.3. Positioning Mechanism... .. 2.0.00 00 oc ee 1-4 

1.3.4 Read/Write Head(s)........ 0.0.0 ne ee 1-4 

1.4 FUNCTIONAL OPERATIONS .............0 0000: e eee ees 1-4 

1.4.1 Powering Sequencing......... 2.0060 eee ee tenes 1-4 

14.2 Drive Selection... 0.00. een eee 1-5 

1-4:3.- “ Moter Ofiecc ceed oh cia haed Seek ad aA oe A Ea a 1-5 

1.4.4 Track Accessing... 0.0.0.0. ee te ees 1-5 

Li45. “Step Out ocaccc dn dad cee eee tei S Ree eb Lea he etal eine 1-5 

LAG. “Step iis. 2 x gous ened cis Aa Nerds Ce OLE BAAR OEE RE EEE 1-5 

1.4.7 Side Selection (SA460 Only) ......... 0-000 es 1-6 

1.4.8 Read Operation ..........0 0.2 cc cee eet ete 1-6 

1.4.9 Write Operation .. 0.0... 6 ee eee Poca Sass cose 1-8 

1.4.10 Sequence of Events ......... 0.0 0c ccc eeete nc nes 1-9 

SECTION I] ELECTRICALINTERFACE...........0.0.0 0.000 cece ee eee 2-1 

2.1 ELECTRICALINTERFACE ............. 0.00. cee eee eee nee 2-1 

2.2 SIGNALINTERFACE .........0..0 00000 ce ee ee 2-2 

2.2.1 InputLines .........0..0 0. 0c ee tenn es 2-2 

2.2.2 Input Line Terminations... .... 0.0.56. 0-6 cee ee 2-3 

2.2.3 Drive Select 1-40.00. eee 2-3 

2.2.4 MotorOn ... 0... cc nee eee 2-3 

2.2.5  DirectionSelect .... 0.0.00. eee eee 2-3 

BoP Gs "Step yicalig a co cente tae Waneds RM ae ae Ee Ma pear eee es 2-3 

2.2.7 WriteGate... 2... ne eee en ene 2-4 

2: 258° - Write: Dataic ook Se sce he Bh ee OE ES CEEOL EEE EEE | 2-4 

2.2.9 Side Select (SA460 Only) .........0 05-0 c ee es 2-4 

2230: iWUse cs os esd eae kh war tents esi Phe oe ai le ee 2-4 

22A1 (Ourut lines ieee ky eae ean Reh) ea oe Ee ee OSS 2-4 

2912> Track-00 x00. sehr ea ck econ dhe Pee hee pes eta ns 2-6 

2.2.13 Index/Sector.. 0.000. ee eens 2-5 

2:9 1h. Read Data: o.oo 2 eh abla PS Po a EE Poe eae pe Beg 2-5 

2.2.15 Write Protect 00.00 eee 2-5 

2.3 POWERINTERFACE .........00 000.0 ee eee ees 2-5 

2:4: GFRAME-GROUND 2:45 ci we ce din ote ed Sel ee ea ore dens FP 2-5 

SECTION III PHYSICALINTERFACE ......00.0000 000 0c ene 3-1 

3.1 PHYSICALINTERFACE ............00 0.000 cee eee ees 3-1 

3.1.1 JI/P1 Connector... 2000 eee 3-2 

B12  J27P2 Connector ioe o Moeasene eo ee ae i BA se BREA 3-2 

3.2 FRAME GROUNDING........0.0.0.0 00000 0c eee eee 3-2 

SECTION IV THEORY OF OPERATION ........0..0.000 00 cece 4-1 

4.1 THEORY OF OPERATION .............00. 000 ec eee 4-1 


TABLE OF CONTENTS (CONT.) 


4.2 READ/WRITE OPERATIONS.............0. 0.000 e eet ees 4-1 
4:3. -READ/ WRITE HEAD \t.ticriio aio oe ie ete Brad oh Heng wh le oe eRe 4-3 
44 WRITE CIRCUIT OPERATION ................ 00000 eee 4-4 
45 READCIRCUIT OPERATION .............. 020000 e cee ees 4-4 
4.6 DRIVEMOTORCONTROL .............. 0000 cee eee 4-5 
44.) ANDEX-DETECTOR oo 26 oe kere oe ie Oe re See een BA 4-6 
4.8 TRACK ZEROINDICATION ........00.0..000 000500 ee es 4-6 
4.9 TRACKACCESSING ......0...0 0000 ccc ees 4-7 
4.9.1 Stepper Motor... 2.00... ee eee 4-7 
4.9.2 Stepper Control... 0.0.0.0. 0 020 eee 4-7 
4:10" DRIVE'SELEE@T. pce eed cad ce Seek Ee ee eh el ee 4-9 
471° WRITE PROTECT 0 02 ue k es cae Sad aee ghd bade whe ORES oe eye Need t 4-9 
4.12 DOORLOCKSOLENOID.........0.0.0.0.000 00 eee 4-10 
4°13 “UDRIVE STATUS =. 24.2.5 oti et thes aan PER hae he hoe be eae de Beales 4-10 
SECTION V MAINTENANCE .. 2.0.0.0... 00 ee eee eee 5-1 
5.1 MAINTENANCE EQUIPMENT .........0....00 000 eee eee 5-1 
5.1.1 Alignment Diskette... 2.00. eee 5-1 
Bebe: OBxerciser PCB 6 vet aso esd i ickle ete ag tee oe ok CEI AS eh ees 5-1 
5:1:3. Special Tools: si o ec hii ea gant ried Wate Hee PE A Rs RRR 5-1 
5.2 DIAGNOSTIC TECHNIQUES ........0.00.0 0.0002 eee 5-2 
Be2sd. *- Introduction: +3. .02 ewe cam ots aaa eed epee dee ne eee ee es 5-2 
5.2.2 “Soft Error” Detection And Correction .... 0.5.0.0. 00 eee 5-2 
523° “Write Errorac bee ce ig Gas fee Pe eb lee eG ee Pe eae ek 5-2 
5.2.4 Read -Biror sac 4 bier s eacwis ina waned 8 hake d Aue Den he ys Se 5-2 
532-5. ‘Seek: Etror x. cas ok wad es eund bg ine wae BY GE Rr cae pede 5-3 
5.2.6  Trouble-Shooting ... 0.0.0.0. 0- 00 0c ee 5-3 
SECTION VL. ADJUSTMENTS: «so ) hea sos wayne viet op dP bad 2 paler eee ee oe 6-1 
6.1 HEADRADIAL ALIGNMENT .........0.0.0.00. 0020 ee ee eee 6-1 
6.2 READ/WRITE HEAD(S) AZIMUTH CHECK ............. 00020502 6-2 
6.3. HEAD AMPLITUDE CHECK ............0.2.0 20002 ee eee 6-3 
6.4 TRACK ZERO CARRIAGE LIMITER............0 0000022 eee eee eee 6-3 
6.5 TRACK ZERO DETECTOR ASSEMBLY ADJUSTMENT .......-----..5-5-+55- 6-4 
6.6 INDEX/SECTOR TIMING ADJUSTMENT ............0 00000 be eee ee 6-4 
6.7 MOTOR SPEED ADJUSTMENT .........0.0.20 0. eee ete eee 6-5 
6.7.1 Motor Speed Adjustment (Using A Frequency Counter} .......-....------ 6-5 
6.7.2 Motor Speed Adjustment (Fluorescent Light) ........-.-..5---2-50+55- 6-6 
6.8 WRITE PROTECT SWITCH ......00....0 002000 ee 6-6 
SECTION VI] REMOVALS AND REPLACEMENTS ............0.000 0:0 cee eee e teens 7-1 
7.1 FACEPLATEREMOVAL AND INSTALLATION .........-.-.0--0025 0252255 7-1 
7.2 DRIVEMOTOR ASSEMBLY REMOVAL AND INSTALLATION ..........---- 7-1 
7.3. HEAD AND CARRIAGE ASSEMBLY .........0..0 00000 eet ees 7-1 
7.4 STEPPER MOTOR AND ACTUATOR ASSEMBLY ...........-.0-52 2022055 7-2 
7.5 INTERLOCK ARM REMOVAL AND INSTALLATION (SA460 Only)... ....---- 7-2 
7.6  SPINDLEHUB AND PULLEY ASSEMBLY ...........-. 00500002 e eee eeee 7-2 
7.7  CLAMPHUBREMOVAL ............00 00000 cette tes 7-2 
7.8 HUBFRAME ASSEMBLY REMOVAL............020 000022 e etree eee 7-3 
7.9 HUBFRAME ASSEMBLY INSTALLATION AND ADJUSTMENT ........----- 7-3 
7.10 WRITE PROTECT SWITCH REMOVAL ...........0.0 000000: e eee eee 7-3 
7.11. INDEX DETECTOR ASSEMBLY REMOVAL ............0.0520:2 022s 7-3 
7.12 INDEX LEDREMOVAL...........00.0.0 000000 cee ee 7-4 
7.13. TRACK ZERO PHOTO DETECTOR REMOVAL ...........--0- 000020 eee 74 


TABLE OF CONTENTS (CONT.) 


SECTION VII ILLUSTRATED PARTS CATALOGS... .........05 050 b ee ee eee eee 8-1 
$1 “DESGCRIPTION 255-2. G03 sot atue He dong os My he hen eee eee Sea 8-1 
8:2 INDENTED LEVEL 13: os .d.0.th even hee Peal Ae eae atte inden 8-1 
8.3. QUANTITY PER ASSEMBLY... . 2.00.60 00 ee 8-1 
SECTIONIX SCHEMATIC DIAGRAMS .........00.00 006 ee ee eee 9-1 


LIST OF FIGURES 


Figure Page 
1-1 SA410/460 96 TPI Minifloppy.. 0... 0 eee 1-0 
1-2 SA410/460 Functional Diagram ©... 2. ee 1-3 
1-3 Track: Access Timing: <.0.2 4.3 sich eah oe ed Been dea Ae ee Phe eee ions 1-5 
1-4 Read ‘Initiate Timings... 22.005 paiaciid caw eae a ee ES A ee RE ee ah 1-6 
1-5 Read Data Timing(FM)........0..200 00 2c cee eee 1-7 
1-6 FM and MEM Code Comparisons... .. 0.000000. cee eee 1-7 
1-7 Write Initiate Timing... 0.0. eee 1-8 
1-8 Write Data Timing (FM) «0.02 eee 1-8 
1-9 General Control and Data Timing Requirements ..........-5---00 5000p eee eee 1-9 
2-1 Interface Connections ...0 00 eee 2-1 
2-2 lnterface Signal Driver/Receiver i424 2.805.005 fone e eee 284 ieee oh ets 2-2 
2-3 Track Zéro Circuit. x05 gee oy ea a, at ee et ohn Be i aed eas 2-4 
2-4 Track Zero Timin Ges scecctetiles oe 8 Wi ae a oS aol chm a Rae ee ee 2-5 
3-1 Interface Connectors - Physical Locations... .. 6... 02. ee eee 3-1 
3-2 Ji Connector Dimensions ......0..0.0 00000 0 ee 3-2 
3-3 32. ConmeCtor on eck Sth al oe eB SO ek ee edgth eat Gia ot 3-2 
4-1 Byte oo net aie gate he eA aio dag Owe ester nye ek w dun ata h ah ete nea Uhanaid a 4-1 
4-2 Basic Read/Write Head . 0.0. ee 4-2 
4-3 Recorded Bit: sc scy5 4 alanine eel Ak BSS oe ees EB ee See es 4-2 
4-4 Reading. a Bit. See ohh dads shee eile eons ease nee eas Sante 4-2 
4-5 1F and 2F Recording Flux and Pulse Relationship... ... 2.2... 6.0.0.0 eee eee eee 4-3 
4-6 Read/Write Heads. 0's eo ccahc 3 oe laa eee ee Be eS ae eas 4-3 
4-7 Write Circuit 443 oa pt ae oe al i tds oh a pe eee 2 4-4 
4-8 Read Circuit io ee Fees ee ee te te dled See a ee Ee eed 4-5 
4.9 Drive Motor Control 20.0000 eee 4-6 
4-10 ladex:DetectOr=. sss hee bee hates BES gosta ee ae Reson Gos & hs 4-6 
4-11 Stepper Citcuits .4.0.0304.8 Rae tS 4 ee eee he neo Phas eh rele ee eS 4-7 
4-12 Stepper Himing ~.h..25 6h Mie ute keeles? ha ei Mie ie tw ee ee 4-8 
4-13 Power On Reset. J iti peer esd PAK est RES, ene i goal 4-8 
4-14 Drive Select. Motor On. andIn Use .......00 0.000. ee 4-9 
4-15 Write Protect 2 p-. sced des ic aslo e atte It eine SBR Lays eae dla i de Bk ee Boe 4-9 
4-16 Door Lock From In Use or Drive Select ........0 000000000 eee 4-10 
4-17 Drive Statuses sic) tlt k UA ete fen ee Meet ie heen ae eau bie ie ath as ee Os 4-1] 
5-1 Write Protect Inoperative ©... 0.0002 ee 5-3 
5-2 Diskette Not Rotating... .....000.0.00 000 ce eee 5-4 
5-3 Track 00 Indicator Inoperative ©... 0002 ee 5-5 
5-4 Drive Not Coming On Line... 2.00.2 ee 5-6 
5-5 Index Pulse Inoperative . 2.0206. ee 5-7 
6-1 Aligriment Lobes)... ke keke pe ad MP cae be 6-1 


op de 


WOADAADAD 


DObpwWNH OUD 


WNHr-e O 


SO sO 10 ® BH 9 0 GO CO C0 GO GO MH OO 
WHR RH ee OON 


LIST OF FIGURES (CONT.) 


Motor: Plate? 22 25-2 nscale as Hanes SIH Syn gga aa lid A regen he A SAR ee Eten 6 bd 6-2 
AZIM soniye 8 oe Be aR od DAS 5 oak eee ei atlas he ifieed a t ea 6-2 
Carmiage eimiters<62 0. sees Bes A ee i Te eel stn Sw eas ateite Rane 6-3 
Track Zero:Adjustiment’: 43. i3sc20 o\eid fa Zcle & oN eA a ies 6-4 
Index: Burst: 0.5.0 00 S8 Goat ay Raa ae ee SUAS the DS a SOR Be 6-5 
Index Detector :0-.02.058 Sek Wh a Paes ihe EG i 6-5 
Motor Speed Adjustment .. 0.0.0.0... 0. een eee 6-6 
SA410 Parts Break Down. 2.0. eet t nes 8-2 
Drive Motor Assembly .. 0.0.0.0. 00 cc eee eee eens 8-3 
Drive' Belt’: :20... eng eile tk oe ole ed Oa ieee tai ly ote aan’ al eda oo 8-4 
Diskette Guide 2s. oie wlie na ee ee he aS AS Lane ae hae ta a vedas 8-5 
Spindle Assembly... 2... 0.2 cent eee nes 8-6 
Stepper Motor Assembly ..... 0.00.00 00 eens 8-7 
Hub Frame Assembly... 20... 0 eee eee ees 8-8 
SA460 Read/Write Carriage Assembly.... 2.0.0.0... 000000 cee ae 8-10 
SA410 Read/Write Carriage Assembly... 0.00.00. 2000 00000 eee 8-11 
Main Harness Assembly .............00 0000 eevee eee eae xa Us Sols st he Ly 8-12 
Front: Cover:(Std)is. 2% owdsee erath we catcs ee ti OD niet die als ose ee a Pad 8-14 
Front Cover (Optional)... 2.0.0... eens 8-15 
Drive: PCB(MEC 4) 7 ieee otic pads ge Bal 2 eis a Bee icin cathy Seeds 8-16 
Main Harness Assembly ... 0.0.0... 000 ees 9-2 
R/W Head Connector... ete ee 9-3 


fci 


ABBREVIATIONS /MNEMONICS 


Flux Changes Per Inch NRZI_ Non Return to Zero 
Frequency Modulation PCB Printed Circuit Board 
Identification TP Test Point 
Input/Output tpi Tracks Per Inch 
Illustrated Parts Catalog Vin _—~ Voltage In 

Light Emitting Diode Vout Voltage Out 
Modified FM 2F Double Frequency 


Next Higher Assembly 


ABOUT THIS MANUAL 


While every effort has been made to ensure that the information provided herein is correct, please notify us in the 
event of an error or inconsistency. Direct any comments to: 


Shugart 

Technical Publications, MS 3-14 
475 Oakmead Parkway 
Sunnyvale, CA 94086 

(408) 733-0100 


39211-01 


FIGURE 1-1. SA410/460 96 TP! MINIFLOPPY 


SECTION I 
INTRODUCTION 


1.1 INTRODUCTION 


This manual provides depot level maintenance information necessary to maintain, trouble-shoot, and repair the 
SA410/460 Minifloppy disk drive manufactured by Shugart. A separate OEM manual (SA410/460 OEM P/N 
39024) is available which describes the installation, interface, and power requirements useful for the applications of 


our product. 


The compact SA410/460 floppy drives have these standard features: 


Ta meange 


2 


Direct drive stepping motor actuator with precise HeliCam™ V-groove lead screw 
Single and double density capability 

96 tracks per inch 

0.5/1.0 M byte capacity (unformatted) 

125/250 k bits/second transfer rate 

Low heat dissipation 

Positive media insertion to avoid media damage 

Rapid start dc drive motor (eliminates ac requirements) with precision servo speed control and 
integral tachometer 

Ball bearing anti-backlash 

Internal write protect circuitry 

Activity light 

Drive status 

Door lock solenoid (optional) 

Solid die cast chassis 

Shugart Bi-Compliant™ read/write head assembly on SA460 


1.2. SPECIFICATION SUMMARY 


1.2.1 Performance Specifications 


SA410 SA460 
Capacity Single/Double Density Single/Double Density 
Unformatted 
Per Disk 250/500 k bytes 0.5/1 M byte 
Per Surface 250/500 k bytes 250/500 k bytes 
Per Track 3.1/6.2 k bytes 3.1/6.2 k bytes 
Formatted 
(10 Sectors/Track) 
Per Disk 204.8/409.6 k bytes 409.6/819.2 k bytes 
Per Surface 204.8/409.6 k bytes 204.8/409.6 k bytes 
Per Track 256/512 k bytes 256/512 k bytes 
Transfer Rate 125/250 k bits/sec 125/250 k bits/sec 
Latency (average) 100 msec 100 msec 
Access Time (w/o settling) 
Track to Track 6 msec 6 msec 
Side to Side — 0.2 msec 
Average 158 msec 158 msec 
Settling Time 15 msec 15 msec 
Motor Start Time 200 msec 200 msec 
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1.2.2 Functional Specifications 


SA410 
Rotational Speed 300 rpm 
Recording Density 2788/5576 bpi 
(inside track) 
Flux Density 5576 fei 
Track Density 96 tpi 
Tracks 80 
Index 1 
Encoding Method FM/MFM 
Media Requirements 
Soft sectored SA114 
16 sectors hard sectored SA115 
10 sectors hard sectored SA117 
Industry standard flexible diskette 
Oxide on 0.003 in. (0.08 mm) Mylar 
5.25 in. (133.4 mm) square jacket 
1.2.3 Physical Specifications 
Operating 


Environmental Limits 
Ambient Temperature: 
Relative Humidity: 
Maximum Wet Bulb: 


40° to 115°F (4.4° to 46.1°C) 
20% to 80% 
85°F (25.6°C) 


Storage 
-8° to 117°F (-22° to 47°C) 
1% to 95% 


no condensation 


DC Voltage Requirements 
+12 V + 5% @ 1.3A typical, 2.2A max 
+ 5V + 5% @ 0.5A typical, 0.7A max 


Mechanical Dimensions (exclusive of front panel): 
Width = 5.75 in. (146.1 mm) 
Height = 3.25 in. (82.6 mm) 
Depth = 8.25 in. (205 mm) 
Weight = 3 lbs 3 ozs (1.44 kg nominal) 


Power Dissipation: 
18.2 watts (62.1 BTU/hr) Continuous (typical) 
14.6 watts (49.8 BTU/hr) Standby (typical) 


1.2.4 Reliability Specifications 


SA460 


300 rpm 
2961/5922 bpi 


5922 fei 
96 tpi 
80 
1 
FM/MFM 


SA164 
SA165 
SA167 


Shipping 


-40° to 144°F (-40° to 62°C) 
1% to 95% 


no condensation 


Mean Time Between Failure: 8000 Power on hours (POH) under typical usage * 


“Assumes the duty cycle of the drive spindle motor to be 25% 
Mean Time to Repair: 30 minutes 
Component Life: 5 years 


Error Rates: 
Soft Read Errors: 
Hard Read Errors: 
Seek Errors: 


1 per 108 bits read 
1 per 10? bits read 
1 per 10° seeks 


Media Life: 


Passes per Track: 3.0 x 10° 
Insertions: 30,000 + 
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FIGURE 1-2. SA410/460 FUNCTIONAL DIAGRAM 
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1.3. FUNCTIONAL CHARACTERISTICS 
The SA410/460 Minifloppy disk drives consist of: 


a Read/Write and Control Electronics 
b. Drive Mechanism 

c Precision Track Positioning Mechanism 
d Read/Write Head(s) 


See figure 1-2 for a functional diagram of the SA410/460. 


1.3.1 Electronics 
The electronics are packaged on one PCB which contains: 


Index Detector Circuits 

Head Position Actuator Driver 

Read/Write Amplifier and Transition Detector 
Write Protect 

Drive Select Circuits 

Spindle Motor Control 


me aogn 


The head positioning actuator moves the read/write head(s) to the desired track on the diskette. The head(s) are 
loaded onto the diskette when the door is closed. 


1.3.2 Drive Mechanism 


The de drive motor under servo speed control (using integral tachometer) rotates the spindle at 300 rpm through a 
belt-drive system. An expandable collet/spindle assembly provides precision media positioning to ensure data in- 
terchange. A mechanical interlock prevents door closure without proper media insertion, thus eliminating media 


damage. 


1.3.3 Positioning Mechanism 


The read/write head assembly is accurately positioned through the use of a precision HeliCam V-groove lead 
screw with a ball follower which is attached to the head carriage assembly. Precise track location is accomplished as 
the lead screw is rotated in discrete increments by a stepping motor. 


1.3.4 Read/Write Head(s) 


The glass bonded ceramic and ferrite read/write head(s) contains tunnel erase elements to provide erased areas 
between data tracks. Thus, normal interchange tolerances between media and drives will not degrade the signal to 


noise ratio and diskette interchangeability is ensured. 


The read/write head(s) is mounted on a carriage which is located on precision carriage ways. The diskette is held 
in a plane perpendicular to the read/write head(s) by a platen located on the base casting. This precise registration 
assures perfect compliance with the read/write head(s). The read/write head(s) is in direct contact with the 
diskette. The head surfaces have been designed to obtain maximum signal transfer to and from the magnetic sur- 
face of the diskette with minimum head/diskette wear. 


1.4 FUNCTIONAL OPERATIONS 
1.4.1 Power Sequencing 


Applying dc power to the SA410 or SA460 can be done in any sequence; however, during power up, the WRITE 
GATE line must be held inactive or at a high level. After application of dc power, a 100 ms delay should be in- 
troduced before any operation is performed. After powering on, initial position of the read/write heads is indeter- 
minant with respect to the data tracks on the media. In order to assure proper positioning of the read/write heads 
after power on, a step out operation should be performed until the TRACK 00 line becomes active (recalibrate). 


1-4 


1.4.2 Drive Selection 

Drive selection occurs when the DRIVE SELECT line of a drive is activated. Only the drive with this line active will 
respond to input lines or gate output lines. Under normal operation, the DRIVE SELECT line enables the input and 
output lines and lights the activity LED on the front of the drive. 

1.4.3. Motor On 

In order for the host system to read or write data, the dc drive motor must be activated. This is accomplished by ac- 
tivating the MOTOR ON line. A 200 ms delay must be introduced after activating this line to allow the motor to 
come up to speed before reading or writing. All motors in a daisy chain configuration are activated with MOTOR 
ON. 

The motor must be turned off by the host system by deactivating the MOTOR ON line. This should be done if the 


drive has not received a new command within 2 seconds (10 revolutions of the diskette) after completing the ex- 
ecution of a command. This will ensure maximum motor and media life. 


1.4.4 Track Accessing 
Seeking the read/write heads from one track to another is accomplished by: 
a. Activating DRIVE SELECT line. 
b. Selecting desired direction utilizing DIRECTION SELECT line. 
c. WRITE GATE being inactive. 
d. _ Pulsing STEP line. 
Multiple track accessing is accomplished by repeated pulsing of the STEP line until the desired track is reached. 
Each pulse on the STEP line will cause the read/write heads to move either one track in or one track out depending 
on the DIRECTION SELECT line. Head movement is initiated on the trailing edge of the STEP pulse. 
1.4.5 Step Out 
With the DIRECTION SELECT line at a plus logic level (2.5 V to 5.25 V), a pulse on the STEP line will cause the 


read/write heads to move one track away from the center of the disk. The pulse(s) applied to the STEP line must 
have the timing characteristics shown in figure 1-3. 


1.4.6 Step In 


With the DIRECTION SELECT line at minus logic level (0.0 V to 0.04 V), a pulse on the STEP line will cause the 
read/write heads to move one track closer to the center of the disk. The pulse(s) applied to the STEP line must 
have the timing characteristics shown in figure 1-3. 


DRIVE SELECT | ——__—_—-4 jj 


| REVERSE 


DIRECTION SELECT FORWARD 
—| }— 1s min —+| | 1 ys MIN 
21ms 


MIN 
500 ns MIN + —| 1s MIN 
STEP | | | | | | | | 


5.5ms 
1s MIN —| = ae MIN as 1s MIN 
>| 6 ms MIN 
39211-03 


FIGURE 1-3. TRACK ACCESS TIMING 
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1.4.7 Side Selection (SA460 Only) 


Head selection is controlled via the I/O signal line designated SIDE SELECT. A plus logic level on the SIDE 
SELECT line selects the read/write head on the side 0 surface of the diskette. A minus logic level selects the side 1 
read/write head. When switching from one side to the other, a 200 us delay is required after SIDE SELECT 
changes state before a read or write operation can be initiated. SIDE SELECT should not change state for a 
minimum of 1.1 msec after WRITE GATE is terminated. Figure 1-4 shows the use of SIDE SELECT prior to a read 


operation. 
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FIGURE 1-4. READ INITIATE TIMING 


1.4.8 Read Operation 

Reading data from the SA410/460 minifloppy drive is accomplished by: 
a. Activating DRIVE SELECT line. 
b. Selecting head (SA460 only). 


Cc. WRITE GATE being inactive. 
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The timing relationships to initiate a read sequence are shown in figure 1-4. These timing specifications are re- 
quired in order to guarantee that the position of the read/write head has stabilized prior to reading. 


4.0 us 
NOM 


The timing of READ DATA (FM) is shown in figure 1-5. 
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50 ns NOM NOM 


READ DATA 
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A = LEADING EDGE OF BIT MAY BE + 800 ns FROM ITS NOMINAL POSITION 
= LEADING EDGE OF BIT MAY BE + 400 ns FROM ITS NOMINAL POSITION 


FIGURE 1-5. READ DATA TIMING (FM) 


The encoding scheme of the recorded data can be either FM or MFM. FM encoding rules specify a clock bit at the 
start of every bit cell (see figure 1-6). MFM encoding rules allow clock bits to be omitted from some bit cells, with 
the following prerequisites: 


a. _ The clock bit is omitted from the current bit cell if either the preceding bit cell or the cur- 
rent bit cell contains a data bit. See figure 1-6. 


b. In the above mentioned encoding schemes, clock bits are written at the start of the 
respective bit cells and data bits at the centers of their bit cells. 
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FIGURE 1-6. FM AND MFM CODE COMPARISONS 
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1.4.9 Write Operation 
Writing data to the SA410/460 is accomplished by: 
a. Activating the DRIVE SELECT line. 
b. Selecting head (SA460 only). 
c. Activating the WRITE GATE line. 
d.  Pulsing the WRITE DATA line with the data to be written. 
The timing relationships required to initiate a WRITE DATA sequence are shown in figure 1-7. These timing 
specifications are required in order to guarantee that the position of the read/write head has stabilized prior to 


writing. DRIVE SELECT or SIDE SELECT (SA460) may not change, nor may a step command be issued, for a 
minimum of 1.1 msec after WRITE GATE is returned to an inactive state. 
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FIGURE 1-7. WRITE INITIATE TIMING 


The timing specifications for the WRITE DATA pulses are shown in figure 1-8. 


WRITE DATA encoding can be FM or MFM. The WRITE DATA should be precompensated 100 ns on all tracks to 
counter the effects of bit shift. The direction of compensation required for any given bit in the data stream depends 
on the pattern it forms with nearby bits. 


WRITE DATA 
Cc D Cc Cc D Cc 
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FIGURE 1-8. WRITE DATA TIMING (FM) 
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1.4.10 Sequence Of Events 


The timing diagram shown in figure 1-9 shows the necessary sequence of events with associated timing restrictions 
for proper operation. 
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FIGURE 1-9. GENERAL CONTROL AND DATA TIMING REQUIREMENTS 
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SECTION II 
ELECTRICAL INTERFACE 


2.1 ELECTRICAL INTERFACE 
The interface of the SA410/460 minidiskette drives can be divided into two categories: 


a. Signal 
b. Power 


The following sections provide the electrical definition for each line of the interface. 


Refer to fiqure 2-1 for all interface connections. 
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FIGURE 2-1. INTERFACE CONNECTIONS 


2-1 


2.2 SIGNAL INTERFACE 
The signal interface consists of two categories: 


a. Control 
b. Data Transfer 


All lines in the signal interface are digital in nature and either provide signals to the drive (input) or provide signals to 
the host (output) via interface connector P1/J1. 


2.2.1 Input Lines 


The input signals are of three types, those intended to be multiplexed in a multiple drive system, those which will 
perform the multiplexing, and those signals which are not multiplexed and affect all the drives in a daisy chain 
system. 


The input signals to be multiplexed are: 


a. DIRECTION SELECT 

b. STEP 

c. WRITE DATA 

d. WRITE GATE 

e. SIDE SELECT (SA460 only) 


The input signals which are intended to do the multiplexing are: 
a. DRIVE SELECT 1 
b. DRIVE SELECT 2 
c. DRIVE SELECT 3 
d. DRIVE SELECT 4 
The signals which are not multiplexed are IN USE and MOTOR ON. 
Figure 2-2 shows the recommended circuit for the input lines with the following electrical specifications. 
True = Logical Zero = Vin 0.0 V to +.04 V @ 40 mA (max) 
False = Logical one = Vin + 2.5 V to +5.25 V @ 250 pA (open) 


Input impedance = 220/330 ohms 


MAX 10 FEET 
RIBBON OR 
TWISTED PAIR 
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FIGURE 2-2. INTERFACE SIGNAL DRIVER/RECEIVER 
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2.2.2 Input Line Terminations 
The SA410/460 has been provided with the capability of terminating the following eight input lines: 


MOTOR ON 

DIRECTION SELECT 

STEP 

WRITE DATA 

WRITE GATE 

SIDE SELECT (SA460 only) 
DOOR LOCK 

IN USE 


sa meao gp 


These lines are terminated through a 220/330 ohm resistor pack installed in a dip socket. 
In a single drive system, this resistor pack should be kept in place to provide proper terminations. 


In a multiple drive system, only the last drive on the interface is to be terminated. All other drives on the interface 
must have the resistor pack removed. External terminations may also be used, but the user must provide the ter- 
minations beyond the last drive and each of the eight lines must be terminated to + 5 Vdc through a 220/330 ohm 
Yq watt resistor. 


2.2.3. Drive Select 1—4 
The SA460 and SA410 are configured to operate with up to four drives in a multiplexed multiple drive system. 
SINGLE DRIVE SYSTEM (MX shorting plug installed) 


With the MS shorting plug installed, DRIVE SELECT, when activated to a logical 0 level, will turn the motor on. 
With MX shorted, the I/O lines are always enabled. 


MULTIPLE DRIVE SYSTEM (MS shorting plug not installed) 


Four separate input lines (DRIVE SELECT 1, DRIVE SELECT 2, DRIVE SELECT 3, and DRIVE SELECT 4) are 
provided so that up to four drives in a multiplexed system may have separate input pins. Only the drive with its uni- 
que DRIVE SELECT line active will turn on its motor, allow the drive to respond to multiplexed input lines, and 
enable the outputs to drive their respective signal lines. A logical 0 on the interface selects a unique drive select line 
for a drive. 


2.2.4 Motor On 


This input, when activated to a logical 0 level, will turn on the drive motor to allow reading or writing on the drive. 
After activating this line, a 0.2 second delay must be allowed before reading or writing. For maximum motor life, 
this line should be deactivated if no commands have been issued to the drive within 2 seconds nominal (10 revolu- 
tions of the media) after completion of a previous command. Depending on the application, this time may be 
varied by the host system to maximize system through-put and motor life. 


2.2.5 Direction Select 


This interface line defines the direction of motion the read/write heads will take when the STEP line is pulsed. An 
open circuit, or logical 1, defines the direction as “out” and if a pulse is applied to the STEP line, the read/write 
heads will move away from the center of the disk. Conversely, if this input is shorted to ground, ora logical O level, 
the direction of motion is defined as “in,” and if a pulse is applied to the STEP line, the read/write heads will move 
towards the center of the disk. 


2.2.6 Step 


This interface line is a control signal which causes the read/write heads to move in the direction of motion defined 
by the DIRECTION SELECT line. This signal must be a logical 0 pulse with a minimum pulse width of 1 ys and a 
logical 1 for 5.5 ms minimum between adjacent pulses. Each subsequent pulse must be delayed by 6 ms minimum 
from the preceding pulse. 
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The access motion is initiated on each logical 0 to logical 1 transition, or the trailing edge of the signal pulse. Any 
change in the DIRECTION SELECT line must be made at least 1 ps before the trailing edge of the STEP pulse. The 
DIRECTION SELECT logic level must be maintained 1 ys after the trailing edge of STEP pulse. 


2.2.7 Write Gate 


The active state of this signal, or logical 0, enables WRITE DATA to be written on the diskette. The inactive state, or 
logical 1, enables the READ DATA logic and stepper logic. Refer to figure 1-7 for timings. 


2.2.8 Write Data 


This interface line provides the data to be written on the diskette. Each transition from a logical 1 level to a logical 0 
level will cause the current through the read/write heads to be reversed, thereby writing a data bit. This line is 
enabled by WRITE GATE being active. WRITE GATE must be inactive during a read operation. See figure 1-7 for 
timings. 


2.2.9 Side Select (SA460 only) 


This signal defines which side of a two-sided diskette is to be written to or read from. A logical 1 selects the side 0 
head. When switching from one side to the other, a 200 ys delay is required before a read operation can be in- 
itiated. A delay of 1.1 ms is required after a write operation before changing the state of SIDE SELECT. 


2.2.10 In Use 


Normally, the activity LED on the selected drive will activate when the corresponding DRIVE SELECT signal is ac- 
tive. The IN USE input can alternately activate the LED on all the drives in a daisy chain or separately in a radial 
configuration. 


2.2.11 Output Lines 
The output control lines have the following electrical specifications: 
True = Logical O = Vout +0.0 V to +0.04 V @ 40 mA (max) 
False = Logical 1 = Vout +5.25 V (open collector @ 250 nA max) 
See figure 2-2 for the recommended circuit. 


2.2.12 Track 00 


The active, or logical 0 state of this interface signal indicates when the read/write heads of the drive are positioned 
at track OO (the outermost track) and the stepper is locked on track. This signal is at a logical 1 level, or inactive 
state, when the read/write heads of the drive are not at track 00. When the heads are at track 00 and an additional 
step out pulse is issued to the drive, a mechanical stop will keep the read/write heads at track 00. See figures 2-3 
and 2-4 for track 00 circuit and timing. 
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FIGURE 2-3. TRACK ZERO CIRCUIT 
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FIGURE 2-4. TRACK ZERO TIMING 39211-13 


2.2.13 Index/ Sector 


This interface signal is provided by the drive each time an index or sector hole is sensed at the INDEX/SECTOR 
photo detector. Normally, this signal is at a logical 1 level and makes the transition to the logical 0 level each time a 
hole is sensed. 


When using media soft sectored, there will be one pulse on this interface signal per revolution on the diskette (200 
ms). This pulse indicates the physical beginning of a track. 


When using the INDEX/SECTOR signal, look for an edge or transition rather than a level for determining its status. 
With no diskette inserted, this signal remains active or at a logical 0 level which is an erroneous status. 


2.2.14 Read Data 


This interface line provides the “raw data” (clock and data together) as detected by the drive electronics. Normally, 
this signal is a logical 1 level and becomes a logical 0 level for the active state. 


2.2.15 Write Protect 

This interface signal is provided by the drive to give the user an indication when a write protected diskette is install- 
ed. The signal is logical 0 level when it is protected with a label over the notch. The drive will inhibit writing with a 
protected diskette installed in addition to notifying the interface. 


2.3 POWER INTERFACE 


The SA410 or SA460 requires only dc power for operation. DC power to the drive is provided via P2/J2 located 
on the component side of the PCB near the spindle drive motor. 


2.4 FRAME GROUND 


It is important that the drive be frame grounded to the host system ac or frame ground. Failure to do so may result 
in drive noise susceptibility. 
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SECTION III 
PHYSICAL INTERFACE 


3.1 PHYSICAL INTERFACE 


The electrical interface between the SA410 or SA460 and the host system is via two connectors. The first connec- 
tor, J1, provides the signal interface and the second connector, J2, provides the de power. 


This section describes the physical connectors used on the drive and the recommended connectors to be used with 
them. Refer to figure 3-1 for connector locations. 


eae DRIVE PCB 


P1 CONNECTOR 
SCOTCHFLEX P/N 
3463-0001 OR 
AMP P/N 583717-5 


J2 
AMP PIN 641 737-1 


P2 CONNECTOR 
AMP P/N 1-480424-0 


FRAME CONNECTOR 
AMP P/N 60972-1 


FRAME GROUND 
AMP P/N 61664-1 39211-14 


FIGURE 3-1. INTERFACE CONNECTORS - PHYSICAL LOCATIONS 
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3.1.1 J1/P1 Connector 

Connection to J1 is through a 34 pin PCB edge connector. The dimensions for this connector are shown in figure 
3-2. The pins are numbered 1 through 34 with the even numbered pins on the component side of the PCB and the 
odd numbered pins on the non-component side. Pin 2 is located on the end of the PCB connector closest to the 
corner and is labeled 2. A key slot is provided between pins 4 and 6 for optional connector keying. 


The recommended connectors for P1 are shown in figure 3-1. 


KEY ae na .036 + .004” 


400 + .010” 


=e .063”" NOM (2 x) 
.050°" NOM .100"" NOM 


1.795 + .005” 


BOARD THICKNESS .062 + .007” 


FIGURE 3-2. J1 CONNECTOR DIMENSIONS canis 


3.1.2 J2/P2 Connector 
The de power connector, J2, is mounted on the component side of the PCB and is located near the spindle drive 
motor. J2 is a 4 pin AMP Mate-N-Lok connector P/N 641737-1. The recommended mating connector (P2) is 


AMP P/N 1-480424-0 utilizing AMP pins P/N 61473-1. J2, pin 1, is labeled on the component side of the PCB. 
Wire used should be #18 AWG. Figure 3-3 illustrates the J2 connector as seen on the PCB from the rear of the 


drive. 
+12 VDC | G4) (2) (3) (4) | +5 VDC 
ee 39211-16 


FIGURE 3-3. J2 CONNECTOR 


3.2 FRAME GROUNDING 


The drive must be frame grounded to the host system to ensure proper operation. If the frame of the drive is not 
fastened directly to the frame of the host system with a good ac ground, a wire from the system ac frame ground 
must be connected to the drive. For this purpose, a faston tab is provided on the drive where a faston connector 
can be attached or soldered. The tab is AMP P/N 61664-1 and its mating connector is AMP P/N 60972-1. 


SECTION IV 
THEORY OF OPERATION 


4.1 THEORY OF OPERATION 
The SA410/460 floppy diskette drive electronics are packaged on one PCB which contains: 


Read/Write Amplifier and Transition Detector 
Spindle Motor Control 

Drive Select Circuits 

Index Detector Circuits 

Track Zero Circuits 

Track Accessing Circuits 

Power On Reset Control 

Write Protect Circuits 

Door Lock Solenoid Circuits (optional) 

Drive Status Circuits 


sa means 


renry 


The head positioning actuator moves the read/write head(s) to the desired track on the diskette. The head(s) is 
loaded onto the diskette when the door is closed. 


The following information describes each of the above functions in detail. 
4.2 READ/WRITE OPERATIONS 
a. The SA410/460 uses.double frequency non return to zero (NRZI) recording method. 


b. The read/write head, in general, is a ring with a gap and a coil wound at some point on the 
ring. 


c. During a write operation, a bit is recorded when the flux direction in the ring is reversed by 
rapidly reversing the current in the coil. 


d. During a read operation, a bit is read when the flux direction in the ring is reversed as a result of 
a flux reversal on the diskette surface. 


SA410/460 drives use the double-frequency (2F) longitudinal NRZI method of recording. Double frequency is the 
term given to the recording system that inserts a clock bit at the beginning of each bit cell thereby doubling the fre- 
quency of recorded bits. This clock bit, as well as the data bit, is provided by the using system. See figure 4-1. 


BINARY 
REPRESENTATION 
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REPRESENTATION c A 39211-17 
FIGURE 4-1. BYTE 
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The read/write head is a ring with a gap and a coil wound some point on the ring. When current flows through the 
coil, the flux induced in the ring fringes at the gap. As the diskette recording surface passes by the gap, the fringe 
flux magnetizes the surface in a longitudinal direction. See figure 4-2. 
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FIGURE 4-2. BASIC READ/WRITE HEAD 


The drive writes two frequencies: 1F 62.5 k Hz and 2F 125k Hz. During a write operation, a bit is recorded 
when the flux direction in the ring is reversed by rapidly reversing the current in the coil. The fringe flux is reversed 
in the gap and hence the portion of the flux flowing through the oxide recording surface is reversed. If the flux 
reversal is instantaneous in comparison to the motion of the diskette, it can be seen that the portion of the diskette 
surface that just passed under the gap is magnetized one direction while the portion under the gap is magnetized in 
the opposite direction. This flux reversal represents a bit. See figure 4-3. 


CURRENT 


~———— CURRENT 


RECORDED BIT 
DISKETTE MOTION 


' FIGURE 4-3. RECORDED BIT 39211-19 


During a read operation, a bit is read when the flux direction in the ring is reversed as a result of a flux reversal on 
the diskette surface. The gap first passes over an area that is magnetized in one direction and a constant flux flows 
through the ring and coil. The coil registers no output voltage at this point. When a recorded bit passes under the 
gap, the flux flowing through the ring and coil will make a 180° reversal. This means that the flux reversal in the coil 
will cause a voltage output pulse. See figure 4-4. 
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FIGURE 4-4, READING A BIT 39211-20 
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These flux reversals produce an FM waveform which transmitts data to and from the diskette. See figure 4-5. 
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FIGURE 4-5. 1—F AND 2F RECORDING FLUX AND PULSE RELATIONSHIP 


4.3 READ/WRITE HEAD 
a. The ceramic read/write heads each contain three coils. 


b. When writing, the head erases the outer edges of the track to ensure that the data recorded will 
not exceed the .006 inch track width. 


The read/write head contains three coils. Two read/write coils are wound on a single core, center tapped, and 


one erase coil is wound on a yoke that spans the track being written. The read/write and erase coils are connected 
as shown in figure 4-6. 
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FIGURE 4-6. READ/WRITE HEADS 


During a write operation, the erase coil is energized. This causes the outer edges of the track to be trim erased so 
that the track being recorded will not exceed the .006 inch track width. Tunnel erasing allows for minor deviations 
in read/write head current so as one track is recorded, it will not “splash over” to adjacent tracks. 


Each bit written will be directed to alternate read/write coils, thus causing a change in the direction of current flow 
through the read/write head. This will cause a change in the flux pattern for each bit. The current through either of 
the read/write coils will cause the old data to be erased as new data is recorded. 


During a read operation, the direction of flux changes on the diskette surface as it passes under the gap and current 
is induced into one of the windings of the read/write head. This results in a voltage output pulse. When the next 
data bit passes under the gap, another flux change takes place in the recording surface. This causes current to be 
induced in the other coil, producing another voltage output pulse of the opposite polarity. 
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4.4 WRITE CIRCUIT OPERATION 
a. The write data trigger flips with each pulse on the WRITE DATA line. 
b. The write data trigger alternately drives one or the other of the write drivers. 


c. WRITE GATE allows write current to flow to the write driver circuits if the diskette is not write 
protected. 


d. Write current sensed allows erase coil current. 
e. Heads are selected by grounding the appropriate center tap. 


WRITE DATA pulses (clock and data bits) are supplied by the using system. The write trigger “flips” with each 
pulse. The outputs are fed to alternate write drivers. 


WRITE GATE and NOT WRITE PROTECT are ANDed together and will cause write current to flow to the write 
driver circuits, which in turn causes the center tap switch to close and erase current to flow after the turn on delay of 
400 psec. 


The output of one of the write drivers allows write current to flow through one half of the read/write coil. When the 
write trigger “flips,” the other write driver provides write current to the other half of the read/write coil. 


The removal of WRITE GATE causes the turn off delay circuit to time out for 1.1 milliseconds. At the end of the 
delay, the center tap switch opens and the erase current source is turned off. See figure 4-7. 
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FIGURE 4-7. WRITE CIRCUIT 
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4.5 READ CIRCUIT OPERATION 
a. Duration of all read operations is under control of the using system. 
b. As long as the drive is selected and WRITE GATE is not active, the read signal is amplified and 
shaped, and the square wave signals are sent to the interface as READ DATA. 
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When the using system requires data from the diskette drive, the using system must select the head and disable 
WRITE GATE. The read signal is then fed to the amplifier section of the read circuit. After amplification, the read 
signal is fed to a filter where the out of band noise is removed. The read signal is then fed to the differentiator 


amplifier. 
Since a clock pulse occurs at least once every 8 ys and data bits are present once every 4 ps, the frequency of the 


READ DATA varies (FM encoding only). The read signal amplitude decreases as the frequency increases. Note 
the signals in figure 4-8. The differential amplifier will amplify, differentiate, limit, and digitize the read signals (sine 


waves). 


The drive has no data separator, only a pulse standardizer for the READ DATA signal. 
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FIGURE 4-8. READ CIRCUIT 


4.6 DRIVE MOTOR CONTROL 


a Start/Stop 
b. Speed Control 

c Over Current Protection 
d Speed Adjust 


The motor used in the SA410/460 is a de drive motor with a separate motor on and off interface line. After ac- 
tivating the MOTOR ON line, a 200 ms delay must be introduced to allow proper motor speed before reading or 


writing. 


When MOTOR ON is activated at pin 16 of the interface, the mode will start by means of current flow through the 
motor windings. Figure 4-9 shows the functional diagram of the motor speed control circuit. The motor speed 
control utilizes an integral brushless tachometer. The output voltage signal from this tachometer is compared to a 
voltage/frequency reference level. The output from the voltage/frequency comparator will control the necessary 
current to maintain a constant motor speed of 300 rpm. Motor speed adjustment changes the voltage reference 


through a potentiometer. 


4-5 


MOTOR ON +12V 


oO — t 
+ TACH IN | eo) 


7 


— TACH IN 


—MTR 


a = 39211-25 
FIGURE 4-9. DRIVE MOTOR CONTROL 


4.7 INDEX DETECTOR 


Each time an index or sector hole is moved past the index photo detector, a pulse is formed. This pulse is present 
on the interface as index/sector pin 8. Without a diskette in the drive, the output line will be low and the using 
system must look for a transition to be a valid signal. The detector output is fed into a schmidt trigger with a level 
trigger latch back to maintain pulse stability while shaping the pulse. With output enable true, this pulse will be on 
the interface as a negative going pulse. See figure 4-10. 
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FIGURE 4-10. INDEX DETECTOR 


4.8 TRACK ZERO INDICATION 


Track 00 signal (pin 26) is provided to the using system to indicate when the read/write head is positioned on track 
00. Figures 2-3 and 2-4 show the logic and timing for track 00 indication. The track 00 indication is provided 
when the flag attached to the head carriage passes between the photo transistor and the photo detector. On track,. 
DRIVE SELECT is ANDed with the photo detector output. These conditions will cause a track 00 indication to the 


interface. 
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4.9 TRACK ACCESSING 


Stepper Motor (Four Phase) 
Stepper Control Logic 
Reverse Seek 

Forward Seek 


aoe 


Seeking the read/write head from one track to another is accomplished by selecting the desired direction utilizing 
the DIRECTION SELECT interface line, loading the read/write head, and pulsing the STEP line. Multiple track 
accessing is accomplished by repeated pulsing of the STEP line with WRITE GATE inactive until the desired track 
has been reached. Each pulse on the STEP line will cause the read/write head to move one track either in or out, 
depending on the DIRECTION SELECT line. 


4.9.1 Stepper Motor 


The four phase stepper motor turns the head actuator cam in four step increments per track. Four increments will 
move the head one track via a ball bearing follower which is attached to the carriage assembly. This follower rides 
in a spiral groove in the HeliCam. 


The stepper motor has four phases. Phase -A and -B are in their active position and are energized when the head is 
ontrack. The phases +A and +B are transient states. Two one shots to the stepper counter logic are used to pro- 
vide four step pulses approximately 1.6 milliseconds apart. 


Two current modes are automatically enabled. The first step pulse will enable full current to the stepper motor. 
Within 35 ms after that last step pulse is issued, stepper motor current is automatically decreased to approximately 
50% of its full value. 


4.9.2 Stepper Control 


During power on reset time, the stepper control counter is reset to zero. This will cause phases -B and -A to be 
energized in the stepper. Figures 4-11 through 4-13 show the stepper control logic and timing. 
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SYNG 39211-27 


FIGURE 4-11. STEPPER CIRCUIT 
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FIGURE 4-12. STEPPER TIMING oe 
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FIGURE 4-13. POWER ON RESET 


4.10 DRIVE SELECT 

The SA410/460 is configured to operate alone in a single drive system. It can be easily modified to operate with 
other drives in a daisy chained multiplexed drive system. This is done by selecting the specific drive address and 
jumpering the appropriate DRIVE SELECT line. See figure 4-14. 

The MX option is used for single drive systems. By shorting MX, the I/O lines are always enabled. 


The MS option allows the motor to be enabled from DRIVE SELECT. 


DS2 


; 
DS4 DS3 DS2 DS1 SELEC 


IN USE LED 


IN USE 


MOTOR ON 
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FIGURE 4-14. DRIVE SELECT, MOTOR ON, AND IN USE 


4.11 WRITE PROTECT 


This interface signal is provided by the drive to indicate to the user when a write protected diskette is installed. The 
signal is logic 0 level when it is protected. Under normal operation, the drive will inhibit writing with a protected 
diskette installed in addition to notifying the interface. If the WP trace is cut, writing to the diskette is inhibited 
unless a write protect label is installed over the notch. See figure 4-15. 
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FIGURE 4-15. WRITE PROTECT 
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4.12 DOOR LOCK SOLENOID 
The door lock solenoid can be activated by the interface line provided on pin 2. 


The DA option allows the door lock solenoid to be activated when the IN USE or DRIVE SELECT signal has been 
asserted to a logic low (see figure 4-16). 


+5V 


-/f/ 


DRIVE 
SELECT 


= DA +12V 


DOOR OPEN 39211-31 


FIGURE 4-16. DOOR LOCK FROM IN USE OR DRIVE SELECT 


4.13. DRIVE STATUS 


This interface signal gives the user an indication that a diskette is inserted correctly in the drive and the door is clos- 
ed. The DRIVE STATUS signal is active, at a logical 0 level, when all of the following conditions are met: 


a. The door is closed. 
b. | The door has not been opened since the drive was last deselected 
c. An INDEX/SECTOR pulse has been sensed since the previous conditions were met. 


If the DRIVE STATUS signal is inactive, the user may deselect and then select the drive to test DRIVE STATUS 
again; if the door had previously been disturbed but is now closed, DRIVE STATUS will activate upon sensing an 
INDEX/SECTOR pulse. 


Condition (b) may optionally be eliminated by cutting trace DD and shorting trace DO. Conditions (b) and (c) may 


optionally be eliminated by cutting trace RI and shorting trace RD. One of these two options must be implemented 
if MX is shorted (see figure 4-17). since condition (b) will not be met. 
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+ INDEX 


FIGURE 4-17. DRIVE STATUS 
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SECTION V 
MAINTENANCE 


5.1 MAINTENANCE EQUIPMENT 

5.1.1 Alignment Diskette 

The alignment diskette is used for verifying and adjusting the SA410/460. Two alignment diskettes are available. 
The SA410 only requires written information on one surface and will utilize the SA144 alignment diskette. The 
SA460 has two read/write heads and requires written information on both surfaces. The SA148 alignment 
diskette should be utilized when performing service checks on the SA460. The following adjustments and checks 
can be made using the SA144/148. 


a. Track 00 is recorded with a 125 k Hz signal. This track is used to determine if the head is posi- 
tioned over track 00 when the track 00 indication is active at the interface. 


b. Track 02 is recorded with a special data pattern to determine index photo detector alignment. 

c. Track 64 is recorded with a special data pattern to determine read/write head positioning. 

d. Track 76 is recorded with a special data burst pattern to determine azimuth angle. 

e. Track 79 is recorded with a 125 k Hz signal. 
Caution should be used in order not to destroy prerecorded alignment tracks. The write protect tab should always 
be installed to prevent accidental writing on the alignment diskette, or if the write protect option is utilized, remove 
the write: protect tab. 
5.1.2 Exerciser PCB 
The exerciser PCB can be used in a stand alone mode, built into a test station, or used in a test for field service. 
The exerciser will enable the user to make all adjustments and check outs required on the SA410/460 minidiskette 
drive. It has no intelligent data handling capabilities but can write a 2F 125 k Hz signal which is the recording fre- 
quency used for amplitude checks in the SA410/460 drive. The exerciser can start and stop the drive motor, and 
enable read in the SA410/460 to allow checking for proper read back signals. 
5.1.3 Special Tools 


The following special tools are available for performing maintenance on the SA410/460. 


Description Part Number 
SA410 Alignment Diskette SA144 P/N 54298 
SA460 Alignment Diskette SA148 P/N 54296 
Exerciser 54157 


Head Cable Extender 54578 
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Align Wrenches 1/16. 5/64-and 7/64 indies 
(1.59. 1.98, and 2.78 mm) 


Screw Drivers Medium and Small 

Feeler Gauge .015 inch (0.381 mm) 

Oscilloscope Textronix 465 or equivalent 
-* 


5.2 DIAGNOSTIC TECHNIQUES 

5.2.1 Introduction 

Incorrect operating procedures, faulty programming, damaged diskettes, and “soft errors” created by airborne con- 
taminants, random electrical noise, and other external causes can produce errors falsely attributed to drive failure 
or misadjustment. Unless visual inspection of the drive discloses an obvious misalignment or broken part, attempt 
to repeat the fault with the original diskette, then attempt to duplicate the fault on the second diskette. 

5.2.2 “Soft Error” Detection And Correction 


Soft errors are usually caused by: 


a. Airborne contaminants that pass between read/write heads and disk. Usually these contaminants 
can be removed by cartridge self-cleaning wiper. 


b. Random electrical noise that usually lasts for a few microseconds. 


c. Small defects in written data and/or track not detected during write operation may cause soft er- 
rors during read. 


d. Improper grounding of power supply, drive and/or host system. Refer to SA410/460 OEM 
manual for proper grounding requirements. 


e. Improper motor speed. 
The following procedures are recommended to recover from the above mentioned soft errors: 
a. Reread track 10 times or until such time as data is recovered. 


b. If data is not recovered after using step (a), access head to adjacent track in same direction 
previously moved, then return to desired track. 


c. Repeat step (a). 
d. If data is not recovered, error is not recoverable. 
5.2.3. Write Error 


if an error occurs during a write operation, it will be detected on the next revolution by doing a read operation, 
commonly called a “write check.” To correct the error, another write and check operation must be done. If the 
write operation is not successful after 10 attempts have been made, a read operation should be attempted on 
another track to determine if the media or the drive is failing. If the error still persists, the diskette should be replac- 
ed and the above procedure repeated. If the failure still exists, consider the drive defective. If the failure disap- 
pears, consider the original diskette defective and discard it. 


5.2.4 Read Error 


Most errors that occur will be “soft errors.” In these cases, performing an error recovery procedure will recover the 
data. 


5.2.5 Seek Error 
a. Stepper malfunction. 
b. Carriage binds. 


c. To recover from seek error, recalibrate to track 00 and perform another seek to original track or 
do a read ID to find what track head is on and compensate accordingly. 


5.2.6 Trouble-Shooting 


Figures 5-1 through 5-5 provide trouble-shooting procedures for the SA410/460. 
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FIGURE 5-1. WRITE PROTECT INOPERATIVE 
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FIGURE 5-3. TRACK 00 INDICATOR INOPERATIVE 
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FIGURE 5-4. DRIVE NOT COMING ON LINE 
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FIGURE 5-5. INDEX PULSE INOPERATIVE 
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SECTION VI 
ADJUSTMENTS 


6.1 HEAD RADIAL ALIGNMENT 
NOTE 


The SA460 read/write head assembly is aligned at factory and adjustment of head to head 
alignment is not field adjustable. 


a. Insert alignment diskette (SA410 = SA144) (SA460 = SA148). 
NOTE 


Alignment diskette should be at room conditions for at least 24 hours before alignment 
checks. 


b. Select drive and step head(s) to track 64. 


c. Sync oscilloscope external negative on TP7 (-INDEX). Set time base to 20 msec per division. 
This will display over one revolution. 


-d. Connect one probe to TP1 and other to TP2. Ground probes to PCB. Set inputs to ac, ADD, 
and invert one channel. Set vertical deflection to 50 mV/division. 


e. Amplitude of two lobes must be within 80% of each other. If lobes do not fall within specifica- 
tion, continue on with procedure (see figure 6-1). 


100 mV 20 msec 100 mV 20 msec 
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100 mV 100 mV 39211-38 
FIGURE 6-1. ALIGNMENT LOBES 


f. Loosen two mounting screws, which hold motor plate to base casting (see figure 6-2). 
g. Rotate stepper motor. 
h. | When lobes are of equal amplitude, tighten motor plate mounting screws (see figure 6-2). 


i. Check adjustment by stepping off track and returning. Check in both directions and readjust as 
required. 


j. Whenever head radial alignment has been adjusted, track 00 detector and limiter adjustment 
must be checked (paragraph 6.4). 
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FIGURE 6-2. MOTOR PLATE 
6.2 READ/WRITE HEAD(S) AZIMUTH CHECK 


The azimuth is not field adjustable. If after performing this check the waveform on the oscilloscope is not within 
+21 minutes, replace the read/write head(s) assembly. 


a. Install alignment diskette (SA410 = SA144) (SA460 = SA148). 
b. Select drive and step to track 76. 
c. Sync oscilloscope external negative on TP7, set time base to 0.5 msec per division. 


d. Connect one probe to TP1 and other to TP2. Invert one channel and ground probes to PCB. 
Set inputs to ac, ADD, and 50 mV per division. 


e. Compare waveform to figure 6-3. If not within range shown, replace read/write head assembly. 
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FIGURE 6-3. AZIMUTH 
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6.3 HEAD AMPLITUDE CHECK 


These checks are only valid when writing and reading back as described below. Ensure the diskette used for this 
check is not “worn” or otherwise shows evidence of damage on either side. 


a. 


b. 


Install good media. 

Start motor. 

Select drive and step to track 79. 

Sync oscilloscope external on TP7 (+Index); connect one probe to TP2 and TP1 on drive PCB. 
Ground probes to PCB, ADD, and invert one input. Set volts per division to 50 mV and time 


base to 20 msec per division. 


Select head 0 and write a 2F pattern on entire track. Average minimum amplitude peak-to-peak 
should be 100 mV. 


Select head 1 and write a 2F pattern on entire track. Average minimum amplitude peak-to-peak 
should be 100 mV. 


If either head fails to meet minimum amplitude specifications, continue with procedure. 

Install fresh media and recheck. 

Check motor speed as per paragraph 6.7. 

With oscilloscope in ‘chop’ mode, verify that there is output at both TP1 and TP2. If one TP has 
no output, or significantly less output than other, turn head cable connector over at J4. Should 


same TP have little or no output, PCB is faulty and should be replaced. If opposite TP now ex- 
hibits problem, head assembly is at fault, and should be replaced. Reference paragraph 7.3. 


6.4 TRACK ZERO CARRIAGE LIMITER 


a. 


Unplug head cable and remove PCB from drive leaving interface and PCB connector installed. 
Install head cable extension. 


Loosen set screw on limiter. 
Apply power to drive and step to track 00, leaving drive selected. 


Adjust track 00 carriage limiter until there is 0.015 + 0.005 inch between limiter and carriage 
assembly (see figure 6-4). 


Reinstall drive PCB and remove head cable extension. 


015 + .005 
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FIGURE 6-4. CARRIAGE LIMITER 
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6.5 TRACK ZERO DETECTOR ASSEMBLY ADJUSTMENT 


a. 


Disconnect head cable at J4 on PCB leaving interface and power connectors attached. Remove 
PCB from drive and install head cable extension. 


Apply power to drive and install alignment diskette SA144 or SA148. 
Select drive and step to track OO. 
Sync oscilloscope external negative on TP7 (-Index). Set time base to 20 msec per division. 


Connect one probe to TP1 and other to TP2. Ground probes to PCB. Set input to ac, ADD, 
and invert one channel. Set vertical deflection to 100 mV/division. 


The 125 k Hz signal recorded should be observed at this time. 


If 125 k Hz signal is not present, step forward one track at a time and verify 125 k Hz signal is 
present. Step only five tracks. 


Step back towards track 00 detector and verify presence of 125 k Hz signal. Repeat stepping 
until signal is found. If necessary, loosen carriage limiter and slide towards motor. 


Once 125 k Hz signal is present on oscilloscope, carriage is located at track 00. Disconnect pro- 
bes from TP1, TP2, and TP7. Connect one channel to TP8 and set input to dc. Set the vertical 
deflection to 2 V per division. Trigger oscilloscope on selected input channel. 

Step to track 1 and verify that TP8 goes to zero. 

If not, loosen track OO bracket. 

Set drive to seek alternately between tracks 00 and O01. 

Adjust eccentric until a 50% duty cycle is obtained (see figure 6-5). 


Tighten track 00 bracket and recheck timing. 


If same signal is obtained. remove alignment diskette, power down drive, and reinstall PCB. If 
same signal is not obtained, repeat steps k-n. 
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TRACK ZERO 
BRACKET 
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FIGURE 6-5. TRACK ZERO ADJUSTMENT 


6.6 INDEX/SECTOR TIMING ADJUSTMENT 


a. 


Remove PCB and install head cable extender. Remove shield from hub frame. Leave PCB and 
interface connector installed. 


Insert alignment diskette SA144 or SA148. 
Start motor and select head 0. 
Step carriage to track 02. 


Sync oscilloscope external positive on TP7 (+ Index). Set time base to 50 ysec/division. 
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f. Connect one probe to TP1 and other to TP2. Ground probes to PCB. Set inputs to ac, ADD, 
and invert one channel. Set vertical deflection to 500 mV/division. 


g. Observe timing between start of sweep and first data pulse. This should be 200 + 100 psec. If 
timing is not within tolerance, continue on with adjustment. See figure 6-6. 


iNDEX BURST 
200 psec + 100 psec 
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FIGURE 6-6. INDEX BURST 


h. Loosen mounting screw in index detector block until assembly is just able to be moved. See 
figure 6-7. 


MOUNTING SCREW 


wa 
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FIGURE 6-7. INDEX DETECTOR 


i. Observing timing, adjust detector until timing is 200 + 100 usec. Ensure that detector assembly 
is against registration surface on hub frame. 


j. Tighten mounting screw. 
k. Recheck timing. 
| For SA460. repeat for head 1. 
6.7 MOTOR SPEED ADJUSTMENT 
6.7.1 Motor Speed Adjustment (Using A Frequency Counter) 
a. Install SA128 or SA154 diskette: start motor and step to track 32. 
b. Connect frequency counter to TP7 (+ Index) on drive PCB. 


C: Adjust pot R-53 located on the drive PCB for 5 Hz + .05 Hz (Period = 200 + 2 ms). 
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6.7.2. Motor Speed Adjustment (Fluorescent Light) 
a. Install diskette, close door, and start motor. Step to track 32. 


b. Turn pot R-53 located on drive PCB until dark lines on spindle pulley appear motionless. For 
60 Hz use outside ring of lines. For 50 Hz, observe inside ring. See figure 6-8. 


NOTE 


This adjustment can be made only in area where there is fluorescent lighting. 
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FIGURE 6-8. MOTOR SPEED ADJUSTMENT 


6.8 WRITE PROTECT SWITCH 
a. __ Insert diskette into drive. Write protect notch must be open. 
b. — Set oscilloscope to AUTO SWEEP, 2 V/div, and monitor TP9. 
c. Check to see if logic level changes when diskette is removed. 


d. If not, loosen mounting screws on switch and adjust until logic level changes. 
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SECTION VII 
REMOVALS AND REPLACEMENTS 


7.1 FACEPLATE REMOVAL AND INSTALLATION 


a. 


b. 


Cc. 


Open door. 


Remove mounting screw on each side of faceplate. Pull faceplate forward and away from drive 
casting. 


No re-adjustment is required after replacement. 


7.2 DRIVE MOTOR ASSEMBLY REMOVAL AND INSTALLATION 


a. 


Remove drive motor belt. 

Disconnect drive motor connector from PCB. 

Remove PCB. 

Remove drive motor by unfastening two mounting screws. 
To reinstall, reverse above procedure. 


Motor speed must be adjusted as per paragraph 6.7. 


7.3. HEAD AND CARRIAGE ASSEMBLY 


Remove drive PCB and disconnect head connector from PCB. 

Remove shield from hub frame. 

Unclamp head cable from diskette guide rail. 

Insert clean piece of bond paper between read/write heads and disengage interlock. 
Remove screws securing rod clamps to base casting. 

Pivot carriage away from base casting and remove. 


Locate ball bearing in channelled area of base casting. Remove and retain bearing for re- 
assembly. Do not lose ball. 


To re-install, reverse above procedure. 
CAUTION 


Ensure that after installing head cable there is enough slack to allow carriage full motion 
without causing binds. 


Check head alignment (paragraphs 6.1 through 6.3). 


Readjust track 00 limiter if new carriage is installed. (Refer to paragraph 6.4.) 
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7.4 STEPPER MOTOR AND ACTUATOR ASSEMBLY 


Remove drive PCB and remove connectors. 

Cut tie wraps around harness wires. 

Remove two screws from motor clamp. 

Pivot motor and retract from base casting. 

To reinstall, reverse above procedure. 

Loosen track 00 limiter. 

Adjust read/write head alignment (paragraph 6.1). 


Readjust track 00 limiter (paragraph 6.4). 


7.5. INTERLOCK ARM REMOVAL AND INSTALLATION (SA460 ONLY) 


e. 


f. 


Remove drive PCB. 

Remove shield from hub frame. 

Remove platen/interlock arm assembly by removing motor (paragraph 7.2). 
Release retaining spring from interlock arm. 

Rotate arm 90° and remove it from platen keyway. 


To reinstall, reverse procedure. 


7.6 SPINDLE HUB AND PULLEY ASSEMBLY 


These assemblies are not field replaceable. 


7.7 CLAMP HUB REMOVAL 


a. 


b. 


Remove faceplate (reference paragraph 7.1). 
Remove shield from hub frame. 
Remove drive PCB. 


Remove E-ring from hub shaft. Entire assembly can now be removed from hub frame. Care 
should be taken not to overstress hub frame mounting pivot springs. 


To re-install: Position hub clamp with spacer and spring in place onto spindle hub. (Large end 
of spring is placed against hub frame). 


Press hub frame down towards spindle unti! hub shaft protrudes through its mounting hole in hub 
frame. 


Reinstall faceplate. Readjustment is not required. 
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7.8 HUB FRAME ASSEMBLY REMOVAL 


Removal of this assembly is not normally required or recommended. The only time that removal would be re- 
quired in the field is to replace the entire assembly. 


a. 
b. 
c. 


d. 


e. 


Remove drive PCB. 

Remove index detector assembly. 

Remove two mounting screws that hold pivot springs to casting. 
Hub frame assembly can now be lifted clear of casting. 


When removing hub frame on SA460, use caution to free side and lift arm. 


7.9 HUB FRAME ASSEMBLY INSTALLATION AND ADJUSTMENT 


a. 


ey 


f. 


Put hub frame onto drive and lightly tighten mounting screws removed in step (c) of removal 
procedures. 


Latch hub frame closed. 


Position hub frame until hub shaft is centered in its mounting hole in hub frame. Now tighten 
mounting screws for hub frame pivot springs. 


Check that door latch assembly does not bind in faceplate. If binding occurs, loosen door latch 
mounting screws and reposition until it is free of binds. 


Reinstall drive PCB. 


Check and readjust index timing. (Paragraph 6.6.) 


7.10 WRITE PROTECT SWITCH REMOVAL 


a. 
b. 
c. 


d. 


Remove drive PCB. 
Remove two mounting screws for switch. 
Unsolder black wire from terminal and brown wire from N/C on switch. 


After reinstallation, adjust per paragraph 6.8. 


7.11 INDEX DETECTOR ASSEMBLY REMOVAL 


Remove PCB. 
Remove shield from hub frame. 


Remove: orange wire from J3 Pin 10. 
red wire from J3 Pin 9. 


Remove detector rnounting screw from hub frame. This will free detector. 
When installing new assembly, ensure detector mounting block is flush against side of hub frame. 


Readjust index timing (paragraph 6.6). 
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7.12 INDEX LED REMOVAL . 


q. 


Remove drive PCB. 


Remove: blue wire from J3 Pin 17. 
violet wire from J3 Pin 24. 


Remove housing from base casting to which LED is mounted. 


Squeeze LED mounting block locking tabs together and press assembly out of mounting hole in 
platen. 


To reinstall, reverse removal procedure. 


When remounting housing, ensure it is flush with machine surface on casting. Position it laterally 
so diskette can be inserted without binding when door is closed. 


Readjust index timing (paragraph 6.6). 


7.13. TRACK ZERO PHOTO DETECTOR REMOVAL 


a. 


b. 


Remove PCB from drive. 
Remove: brown wire from J3 Pin 11. 
black wire from J3 Pin 12. 
orange wire from J3 Pin 18. 
red wire from J3 Pin 19. 
Remove two screws securing LED housing to track 00 plate. 


To reinstall, reverse above procedure. 


Adjust as directed in paragraph 6.5. 


7-4 


SECTION VIII 
ILLUSTRATED PARTS CATALOG 


8.1 DESCRIPTION 


The Illustrated Parts Catalog (IPC) is arranged so that the figure will always precede the parts listing and, when 
possible, will appear either directly above the list, or on the left hand page immediately preceding it. 


The first number in the list will always refer to the figure number. The second number will refer to the reference 
number of the part within the figure. 


Part numbers enclosed in parentheses refer to parts belonging to a Next Higher Assembly (NHA) and are of impor- 
tance only to those customers with alternate assemblies. Following the descriptions of these parts, the designation 
NHA P/N _______ gives the part number of the assembly to which they pertain. When applicable to the 
customer’s assembly, these alternate parts will be used in lieu of the part listed directly above them. Assume that 
the quantity per assembly for these alternate parts is the same unless otherwise listed. 


When an assembly is referred to within a figure and a further breakdown is shown on another figure, then the 
referenced figure will be called out. 


8.2. INDENTED LEVEL 

The parts list is indented to show the levels of assembly within a figure. The major assembly will always be 
unindented. All parts or assemblies that attach to the assembly will be indented one space. Parts within these 
assemblies will be indented two spaces and so on. 


8.3. QUANTITY PER ASSEMBLY 


The quantity listed is the quantity used on the major assembly. Major assemblies themselves will never have a 
quantity listed. 
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FIGURE 8-1. SA410 PARTS BREAKDOWN 
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FIGURE 8-2. DRIVE MOTOR ASSEMBLY 


DRIVE MOTOR ASSEMBLY 


Reference : 
Designator Description Part Number 


2. 

End Cap 19514 
Crive Motor 54338 
Screw #6-32 x .25 10187 
Faston Tab 15663 
Star Washer 12501 
Screw #6-32 x .25 10187 
Connector (Red) 17743 
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FIGURE 8-3. DRIVE BELT 


DRIVE BELT 


Reference 


Designator Description Part Number 


35 
1 Drive Belt 54229 
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FIGURE 8-4. DISKETTE GUIDE 
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Reference 


Part Number 


Description 


Designator 


Diskette Guide Left 


Diskette Guide Right 
W.P. Actuator 
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Reference 
Designator 


FIGURE 8-5. SPINDLE ASSEMBLY 


SPINDLE ASSEMBLY 


Description Part Number 


Spindle 54232-2 
Ball Bearing 10805 
Pulley 54138 
Ball Bearing 10804 
Spindle Spring 54328 
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FIGURE 8-6. STEPPER MOTOR ASSEMBLY 


STEPPER MOTOR ASSEMBLY 


Reference 
Designator Description Part Number 


6- 


Track Zero Limiter 54330 
Set Screw 11904 
Motor Clamp 54231 
Allen Screw 6-32 11942 
Stepper Motor 54348 
Connector (Blue) 17742 
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FIGURE 8-7. HUB FRAME ASSEMBLY 
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HUB FRAME ASSEMBLY 


Reference 
Designator Description Part Number 


7- 

Screw #6-32 x .18 10186 
Door 54334 
Door Hinge 54039 
Diskette Stop 54057 
Retaining Ring 11305 
Hub Frame 54347 
Clamp Spring 54132 
Hub Collar 54131 
Hub Clamp Assembly 54242 
Screw *6-32 x .25 10187 
Shield 54339 
Screw ¥6-32 x .18 10186 
Screw *6-32 x .18 (Non-metallic) 12106 
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FIGURE 8-8. SA460 READ/WRITE CARRIAGE ASSEMBLY 


SA460 READ/WRITE CARRIAGE ASSEMBLY 


Reference 
Designator Description Part Number 


Guide Rod Clamp 54230 
Screw #6-32 x .25 10187 
Guide Rod 54243 
Carriage Assembly 54250 
Chrome Ball 10813 
Head Interlock Lever 54342 
Interlock Spring 54563 
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FIGURE 8-9. SA410 READ/WRITE CARRIAGE ASSEMBLY 


SA410 READ/WRITE CARRIAGE ASSEMBLY 


Reference 
Designator Description Part Number 


9- 


Guide Rod Clamp 54230 
Screw #6-32 x .25 10187 
Guide Rod 54243 
Carriage Assembly 54294 
Chrome Ball 10813 
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FIGURE 8-10. MAIN HARNESS ASSEMBLY 
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MAIN HARNESS ASSEMBLY 


Reference 
Designator Description Part Number 


10- 

Screw #6-32 x .25 10187 
Washer #6 10013 
Index Photo Transistor 10066 
Photo Transistor Bracket 54023 
Index LED 10065 
LED Holder 54335 
Activity LED 15915 
Nut Plate 54062 
W.P. Switch 17212 
Washer #2 10011 
Allen Screw #2-56 x .50 12039 
Connector (Red) 17744 
Track Zero Bracket 54227 
Track Zero Photo Detector 10068 
Eccentric 50818 
Screw #6-32 «x .25 10187 
Washer *6 10013 
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FIGURE 8-11. FRONT COVER (STD) 39211-56 


FRONT COVER (STD) 


Reference 
Designator Description Part Number Qty Used 
11- 
1 Screw #6-32 x .25 11900 2 
2 Front Cover 54077-2 1 
3 Activity LED 15915 1 
4 Screw *6-32 x .25 11900 2 
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FIGURE 8-12. FRONT COVER (OPTIONAL) 


FRONT COVER (OPTIONAL) 


ynator Description Part Number Qty Used 
2. 

1 Screw #6-32 x .25 11900 2 

2 Front Cover 54077-4 1 

3 Activity LED 15915 1 

4 Screw #6-32 x .25 11900 2 

5 Door Lock Solenoid 54374 1 

6 Screw 12011 1 
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FIGURE 8-13. DRIVE PCB (MLC4) 
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DRIVE PCB MLC4 


Reference Part 
Designator Number Description 


13- 
Ref. 25219 DRIVE PCB (MLC4) 
C1,8-11,16,22, 15080 CAP., 1 pF 
eae 


15106 CAP., 0.1 uF, 50 V, 10% 
15057 CAP., 200 pF, 50 V, 5% 
15067 CAP., 1000 pF, 50 V, 5% 
10088 CAP., 1.0 uF, 35 V, 10% 
15117 CAP., 2700 pF, 50 V, 5% 
15091 CAP., .015 pF, 50 V 

15100 CAP., .047 pF, 25 V 

; 10089 CAP., 4.7 uF, 50 V, 10% 
CR-1-13,17,22 10062 DIODE, 1N4148 
CR-18-21,26 15900 DIODE, 1N4003 

CR-25 15902 DIODE 1N5231B, 5.1 V, 5% 
CR-27 15924 DIODE 1N5226B, 3.3 V, 5% 
15648 PLUG Shorting 

16314 INDUCTOR, 180 nH, 10% 
16313 INDUCTOR, 68 nH, 10% 
17619 TRANSISTOR, 2222A 
17625 TRANSISTOR, D44E2 
16889 RES., 4.87 k ohm, 1/8 w, 1% 
16773 RES., 1.5k ohm, 1/4 w, 5% 
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RES., 10 k ohm, 1/4 w, 5% 
RES., 392 ohm, 1/8 w, 1% 
RES., 2.21 k ohm, 1/8 w, 1% 
RES., 20 ohm, 1/4 w, 5% 
RES., 8.45 k ohm, 1/8 w, 1% 
12.89, 90,93 RES., 2 k ohm, 1/8 w, 1% 
RES., 121 ohm, 1/8 w, 1% 
,40,79 RES., 18k ohm, 1/4 w, 5% 
RES., Pot, 50 k, 3/4 w, 10% 
RES., 12.1 k ohm, 1/8 w, 5% 
631,115 RES., 100 k ohm, 1/4 w, 5% 
RES., 47 k ohm, 1/4 w, 5% 
RES., 243 k ohm, 1/8 w, 1% 
-42,45 RES., 150 ohm, 1/4 w, 5% 
-43 44,99 RES., 75 ohm, 1/4 w, 5% 
-47 48 63,67 RES.. 39 ohm, 1 w, 5% 
-49-52 61,62 RES., 22 ohm, 1/2 w, 5% 
RES.. Pot, 10 k, 3/4 w, 10% 
55 RES., 10k ohm, 1/8 w, 1% 
on RES., 510 ohm, 1/4 w. 5% 
RES., 3.3k ohm, 1/4 w, 5% 
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DRIVE PCB MLC4 (Cont.) 


Reference Part 
Designator Number Description 


13- 
R-58, 102,105,106 10108 RES., 1k ohm, 1/4 w, 5% 
R-59 16786 RES., 1 ohm, 1/2 w, 5% 
R-60 16756 RES., 1.2 k ohm, 1/4 w, 5% 
R-64 10114 RES., 470 k ohm, 1/4 w, 5% 
R-65 16907 RES., 97.6 k ohm, 1/8 w, 1% 
R-70,71 16721 RES., 220 ohm, 1/2 w, 5% 
R-74 16796 RES., Pot, 100 k, 3/4 w, 10% 
R-85 16931 RES., 270 k ohm, 1/4 w, 5% 
R-87 10103 RES., 220 ohm, 1/4 w, 5% 
R-88 16838 RES., 330 ohm, 1/4 w, 5% 
R-91 16787 RES., 24 k ohm, 1/4 w, 5% 
R-94 16754 RES., 4.02 k ohm, 1/8 w, 1% 
R-95 16770 RES., 33 k ohm, 1/4 w, 5% 
R-98 16925 RES., 33 ohm, 1/4 w, 5% 
R-101.103,104 10109 RES., 2k ohm, 1/4 w, 5% 
R-107 16897 RES., 71.5 k ohm, 1/8 w, 1% 

16965 RES., 174 k ohm, 1/8 w, 1% 

16832 RES., 180 ohm, 1/4 w, 5% 

16727 RES., 360 ohm, 1/2 w, 5% 

16785 RES., 680 ohm, 1/4 w, 5% 

16768 RES., 5.1 k ohm, 1/4 w, 5% 

17214 SWITCH Door Open 

12673 1.C., LM393 

16207 LC., 7438 

16837 RES., Pack, 220/330 ohm 

16265 L.C., 74LS14 

12665 1L.C., UDN2981A 

12666 1.C., ULN2803A 

12677 1.C., 74LS09 

16278 1.C., Read Amplifier 

16232 1.C., 7407 

12676 LC., 74LS75 

12642 1.C., 92LS02 

16260 

12607 .C., 72LS74 

12674 .C., CA3083 

16274 .C., 74LS02 

12675 .C., 74LS136 

12614 .C., LM2917 

16270 .C., Write Channel 

16273 .C., 74LS00, 14 Pin Dip 
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RECOMMENDED SPARES 


Description Part Number 


PCB 25219 
SA410 Head Load Pad 50542 
SA410 Carriage Assembly 54294 
SA460 Carriage Assembly 54250 
Drive Motor 54338 
Drive Belt 54229 
Stepper Motor 54348 
Track Zero Sensor 10068 


1 
2 
3 
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5 
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7 
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PART NUMBER TO FIGURE REFERENCE 
CROSS REFERENCE 


Part 
Number 


10-10 13-C19 
10-2 13-C26 
10-17 13-C2 
13-CR1 13-C15 
10-5 2-4 
10-3 13-CR18 
10-14 13-CR26 
13-C7 13-CR25 
13-C29 10-7 
13-R43 11-3 
13-R87 12-3 
13-R56 13-CR27 
13-R58 13-DS1 
13-R101 13-U2 
13-R3 13-U9 
13-U12 
13-U4 
13-U19 
13-U21 
13-U15 
13-U8 
13-L3 
13-L1 
13-L2 
13-R12 
13-R13 
13-R70 
13-R27 
13-R112 
13-R29 
13-R10 
13-R14 
13-R94 
13-R60 
13-R15 
13-R114 
13-R95 
13-R95 
13-R2 
13-R42 
13-R57 
13-018 13-R113 
13-U11 13-R59 
13-U15 13-R91 
13-U6 13-R53 
13-U1 13-R74 
13-U14 13-R54 
13-U16 13-R111 
13-U10 13-U3 
13-U7 13-R88 
13-C3 13-R1 
13-C4 13-R107 
13-Cl 13-R65 
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SECTION IX 
SCHEMATIC DIAGRAMS 


The following schematic diagrams (figures 9-1 through 9-3) are furnished as an aid to malfunction analysis. 
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FIGURE 9-1. MAIN HARNESS ASSEMBLY 
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FIGURE 9-2. READ/WRITE HEAD CONNECTOR 
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FIGURE 9-3. SCHEMATIC DIAGRAM (SHEET 1 OF 3) 
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FIGURE 9-3. SCHEMATIC DIAGRAM (SHEET 2 OF 3) 
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FIGURE 9-3. SCHEMATIC DIAGRAM (SHEET 3 OF 3) 
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PN: 39211-0 
Pub. Date: 11/81 


475 Oakmead Parkway, Sunnyvale, CA 94086 


PUBLICATION 
CHANGE NOTICE 


Product: 410/460 
Service Manual 


Pub. Type: 


Make the following changes: 


l. 


After making the above changes, post this notice in front of 


manual. 


shugart 


Telephone: (408) 733-0100 


Date:APril 8, 1982rrata: # A 


Page 1-2, paragraph 1.2.3, Maximum Wet Bulb - Operating: 


Change 25.6° Cc to 29.4° c. 


Page 6-6. 


6.9 TEST POINTS ON DRIVE PCB 


After paragraph 6.8 add paragraph 6.9 as follows: 


Test points for the drive PCB are as follows: 


NnUNH 


Read Data 
Read Data 
Signak Ground 
Asymmetry 


1 


COonrn~! 


Index 12 
Trk 00 13 
Write Protect 14 
Ground 15 


Page 8-9, Refernce Designator 7-9: 


Change P/N 54242 to 51331. 
Page 8-20, third column, under "Part Number": 


Change P/N 54242 to 51331. 


Step Pulse 
Motor On 
Tech In 
Inner Step 
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